To determine the most useful diagnostic characters for the differentiation of pseudomonads pathogenic for man, including Pseudomonas maltophilia (Alcaligenes bookeri), P. stutzeri (Bacillus denitrificans), P. pseudomallei ( 
Pseudomonads are becoming more significant in medical bacteriology because of the increased frequency of their recovery from clinical materials, their resistance to antibacterial agents, their debated pathogenicity, and because of the difficulty encountered in their identification. Pseudomonas aeruginosa and P. pseudomallei (Malleomyces pseudomallei) are generally recognized as the only species of pseudomonads pathogenic for man, but P. stutzeri (Bacillus denitrificans) and P. maltophilia (Alcaligenes bookeri) have been incriminated as human pathogens.
Confusion exists with regard to the latter three pseudomonads because of the uncertainty of their taxonomic position and because of the lack of familiarity with their morphological and physiological characteristics. The identification of pigmented strains of P. aeruginosa presents no problem; however, apyocyanogenic strains are not uncommon, which presents a problem in their differentiation from other pseudomonads. P. pseudomallei is infrequently encountered outside of the tropics, but, with the increasing number of visiting personnel in Southeast Asia, the ability to identify this pseudomonad is necessary.
Because of the lack of comparative descriptions of these pseudomonads, laboratory technicians may be unaware of the characteristics of these species, with the result that these organisms may be misidentified or ignored as contaminants. The present study was undertaken in order to determine those diagnostic characters useful in differentiating between these pseudomonads, by means of a comparative examination of their cultural and physiological characteristics. This paper reports on those findings. MATERIALS (9) . Cultures were incubated for 10 days before tests were discarded as negative.
RESULTS AND DISCUSSION
General properties of the species: P. aeruginosa. Various studies (6, 8, 10, 19, 24) (21) .
In this study ( Characteristics which proved unreliable for identification of these strains included colonial morphology, nitrate reduction, and gelatinase activity. The form of growth on Trypticase Soy Agar (BBL) containing 5% defibrinated rabbit blood (TSBA) and on Trypticase Soy Agar (TSA) was highly variable, with colonies being circular or irregular, flat or umbonate, and smooth or rough. At least six colonial types of P. aeruginosa have been described (24) . Gelatinase activity and the capacity to denitrify are generally considered (21) universal properties of P. aeruginosa, but they have been reported (1) to be variable characteristics, as demonstrated in this study. Gelatinase activity, nitrate reduction, and pyocyanin production may be considered typical characteristics of P. aeruginosa, but the present investigation indicated that they are not possessed by all strains.
The simple fluorescent pseudomonads (P. fluorescens and P. putida) have been recovered from human clinical materials but are thought to be environmental contaminants and not pathogenic. They can easily be differentiated from P. aeruginosa since the former fail to grow at 42 C and are multitrichous.
P. pseudomallei. The characteristics of recent cases ofmelioidosis have been discussed in several reports (3, 5, 18) . The most thorough bacteriological characteristics of P. pseudomallei are those described by Wetmore and Gochenour (25), Biegeleisen, Mosquera M., and Cherry (2), and Redfearn, Palleroni, and Stanier (20) .
Both strains of P. pseudomallei examined in this study were multitrichous. Colonies were gray and circular on TSBA, resembling some of the apyocyanogenic strains of P. aeruginosa, and pale yellow on TSA. No diffusible pigment was produced, and growth was accompanied by a musty odor. The strains grew well on MacConkey Agar but did not grow on S S Agar or cetrimide agar; both strains grew at 42 C. Acid was produced from all carbohydrates by one strain, whereas the other strain oxidized all carbohydrates with the exception of rhamnose and sucrose. Gelatin was rapidly hydrolyzed, nitrogen gas was produced, and the strains were ureaseand oxidase-positive. Lysine decarboxylase was negative and arginine dihydrolase activity was present. Gluconate oxidation was negative. Both strains were resistant to polymyxin and colistin. Growth factors were not required, and ammonia served as the nitrogen source. A notable feature of the carbon assimilation pattern of these strains was the ability to assimilate a wide range of carbon compounds, including maltose, trehalose, mannitol, inositol, arginine, 1-alanine, and serine.
The type of flagellation, oxidation of carbohydrates, gelatinase activity, resistance to polymyxin, arginine dihydrolase activity, and carbon assimilation pattern generally served as adequate means for identifying P. pseudomallei. P. stutzeri. On the basis of a review of the nomenclature and characterization of Burri and Stutzer's Bacillus denitrificans II, van Neil and Allen (22) placed this organism in the genus Pseudomonas. Further characterization was presented by Wetmore and Gochenour (25) , Lysenko (17) , and Stanier, Palleroni, and Doudoroff (21) . Von Graevenitz (23) reported on the pathogenicity of this organism for man.
All strains examined in the present study were Hugh and Leifson (12) and Stanier, Palleroni, and Doudoroff (21) . Its role as a human pathogen was reported by Gilardi (Am. J. Clin. Pathol., in press).
All strains examined in the present study were multitrichous. Colonies on TSBA and TSA were smooth with an entire margin. Colonies developed an intracellular yellow-green pigment on TSBA and a pale yellow pigment on TSA. Growth was accompanied by a strong odor of ammonia. Good growth was obtained by all strains on MacConkey Agar, but none of the strains grew on S S Agar or on cetrimide agar. All but two strains grew at 42 C. Growth at this temperature represents one of two physiological characters that differ from previous descriptions of P. maltophilia (21) . No hemolysis was observed around well-isolated colonies, but the blood-agar medium around colonies in heavily inoculated areas showed a greenish discoloration attributed to the accumulation of alkaline metabolic byproducts (13 (12) obtained acid production by P. maltophilia in glucose, fructose, mannose, and maltose only, the results of the present study represent a second physiological character that differs from the description of the type strain. All strains produced rapid hydrolysis of gelatin and were oxidase-negative. They failed to demonstrate breakdown of arginine but were lysine decarboxylase-positive. Gluconate was not oxidized. None of the strains were able to grow on the chemically defined medium used for carbon assimilation studies when ammonium was furnished as the nitrogen source. When the medium was supplemented with methionine, all strains grew. The carbon assimilation pattern for these strains was distinct since they assimilated maltose, trehalose, and g-alanine, but not mannitol, inositol, arginine, or serine.
The greenish discoloration of blood-agar, oxidation of carbohydrates, gelatinase activity, oxidase-negative reaction, lysine decarboxylase activity, requirement for methionine, and carbon assimilation pattern served to identify P. maltophilia.
Differentiation of the species. Table 2 lists those characters found to be of diagnostic value. P. aeruginosa and P. stutzeri could be differentiated from P. maltophilia and P. pseudomallei since the former are monotrichous and the latter are multitrichous. The rough, wrinkled, yellow colonies of P. stutzeri served to differentiate this species from the other three pseudomonads. The green discoloration of blood-agar was associated with P. maltophilia. Only P. aeruginosa demonstrated fluorescein production and oxidation of gluconate. Both P. aeruginosa and P. pseudomallei were urease-positive. P. stutzeri was characterized by vigorous production of nitrogen gas, a feature used historically as a means of identification of the species (22) . P. maltophilia was the only other species uniformly not capable of producing gas. P. pseudomallei was unique in that it was resistant to polymyxin and colistin, a feature reported by other investigators (3, 5, 18) .
Gelatin was hydrolyzed rapidly by all strains of P. maltophilia and P. pseudomallei but was a variable characteristic of P. aeruginosa. Both P. maltophilia (13) reported to demonstrate strong gelatinase activity; P. stutzeri is generally considered to be gelatinasenegative (21) , but a few reports (17, 22) indicate variable gelatinase activity for this species.
The two methods used to study oxidase activity gave parallel results. All strains of P. maltophilia were oxidase-negative. Previous studies report negative (21) and variable (13) oxidase reactions for P. maltophilia. P. stutzeri and P. pseudomallei are generally considered to be oxidase-positive, but variable and weak oxidase reactions have been reported for both species (2, 17). Cytochrome oxidase activity is reported (14) to be strongest in the fluorescent pseudomonads and less active or not present at all in the nonfluorescent species. For this reason, the test is believed (13) to have limited value in the identification of pseudomonads.
None of the strains demonstrated breakdown of ornithine, but P. aeruginosa and P. pseudomallei were arginine dihydrolase-positive and P. maltophilia was lysine decarboxylase-positive. Arginine breakdown has been reported positive (17, 20) for P. pseudomallei, negative (13, 21) for P. maltophilia, and both positive (17) and negative (21) for P. stutzeri. Lysine decarboxylase activity has been observed (13) lactose, sucrose, and maltose; P. maltophilia did not oxidize rhamnose and mannitol; P. stutzeri failed to oxidize rhamnose, lactose, and sucrose; P. pseudomallei gave variable oxidation of rhamnose and sucrose, but oxidized all other carbohydrates examined.
The requirement for methionine as a growth factor for P. maltophilia was established by lizuka and Komagata (15) . No other pseudomonad is known to require growth factors (21) 16, 1968 
